A fingerprinting technique similar to repetitive extragenic palindromic PCR was developed to identify strains of Lactococcus lactis. The method distinguishes closely related strains and discriminates among some with identical ldh sequences. The fingerprinting primer LL-Rep1 complements a moderately repeated sequence found in low G+C Gram-positive bacteria and may therefore prove useful for discriminating among strains of other low G+C Gram-positive species. z 1998 Federation of European Microbiological Societies. Published by Elsevier Science B.V.
Introduction
Lactococcus lactis are low G+C Gram-positive bacteria widely used in the manufacture of cheeses and other fermented dairy products. Newly isolated environmental strains of L. lactis have a wide diversity of phenotypes, and some show potential as commercial starters for cheddar cheese ( [1] , unpublished data of B. Daniels and W.E. Sandine). Many of these strains are closely related members of L. lactis subsp. cremoris [2] .
A quick and reproducible method to identify L. lactis strains would be useful to verify the identity of strains and track their dissemination in the cheesemaking industry. 16S rRNA probes used for colony hybridization during isolation of environmental strains are not useful for this purpose because they do not discriminate among L. lactis belonging to the same subspecies [1, 3] . Similarly, lactate dehydrogenase (ldh) gene sequences cannot discriminate some L. lactis isolates having distinct phenotypic pro¢les [2] .
To ¢ll the need for a method that distinguishes among strains of L. lactis, we have developed a new Gram-positive ¢ngerprinting primer and employed it in a method similar to repetitive extragenic palindromic (REP) PCR [4] . During REP-PCR, a single primer complementary to a REP element is used to produce strain-speci¢c electrophoretic ¢nger-print patterns. The original REP and ERIC primers are complementary to repetitive sequences found in enteric bacteria, and can be used to distinguish among strains of diverse Gram-negative species [4] . However, REP primers in current use are generally ine¡ective for ¢ngerprinting Gram-positive bacteria [4] . DelVecchio and coworkers [5] succeeded in discriminating among strains of Staphylococcus aureus using a primer complementary to a Mycoplasma pneumoniae repetitive sequence. Their primer produced few or no bands when tested using L. lactis strains (data not shown).
We designed primer LL-Rep1 to complement a repeated sequence found in low G+C Gram-positive bacteria. PCR ampli¢cation using this primer is highly reproducible and generates electrophoretic banding patterns which can be used to identify L. lactis strains, even discriminating among strains with identical ldh sequences. LL-Rep1 ¢ngerprint patterns for plasmid-containing strains and their plasmid-cured derivatives are similar, indicating that most LL-Rep1 PCR bands are ampli¢ed from chromosomal sequences.
Materials and methods

Primer design
The ¢ngerprinting primer was designed by ¢rst scanning GenBank for an inverted repeat sequence precisely repeated in more than one low G+C Grampositive entry, and then trimming the sequence to remove self-complementarity. LL-Rep1 (5P-TAC-AAA-CAA-AAC-AAA-AAC-3P) hybridizes to identical sequences found at the attP attachment site of L. lactis temperate bacteriophage TP901-1 (GenBank accession number L19215) and a portion of the M. genitalium genomic sequence (U39702). In both sequences, the primer binding site is in a region of complex secondary structure ( [6] , and data not shown). LL-Rep1 complements a loop and part of a stem in a secondary structure predicted for TP901-1 by MFOLD [7] .
Bacterial strains and DNA preparation
Eighteen environmental isolates (L. lactis subsp. lactis BEN121, FB62, MS3, and MS11, and L. lactis subsp. cremoris AM4, AM5, BO32, CM1-3, CM4-27, MS5, MS9, MS13, MS23, MS24, MS34, MS51, MS58, and MSUA10 [1^3]) and four laboratory strains (L. lactis subsp. cremoris C2 and MG1363, and L. lactis NCK344 and NCK690, provided by Dr. T. Klaenhammer) were used in this study. Bacterial cultures were grown at 30³C in M17 medium [8] , and genomic DNAs were prepared using the guanidinium thiocyanate method [9] . were subjected to 40 cycles of 1 min at 94³C, 1 min at 54³C, and 2 min at 72³C, followed by 10 min at 72³C. Fingerprint patterns were resolved by electrophoresis through 1.5% agarose gels and recorded by an ImageStore 7500 gel documentation system (Ultra Violet Products). Gel images were processed using Adobe Photoshop version 2.5.1.
PCR ampli¢cation
Results and discussion
Diversity of ¢ngerprint patterns
LL-Rep1 ¢ngerprints for 18 environmental strains of L. lactis produced 10 easily distinguishable electrophoretic patterns (Fig. 1) . L. lactis strains AM4, BEN121, CM1-3, FB62, MS13, MS34, MS51, MSUA10 and MS11 produced unique patterns which could con¢dently be distinguished from the pattern produced by the remaining strains. The remaining eight strains produced similar patterns, effectively indistinguishable at the resolution of the gel employed.
The LL-Rep1 ¢ngerprint protocol distinguished among strains with identical ldh sequences in two subspecies of L. lactis. Among 10 L. lactis subsp. cremoris isolates with identical ldh sequences, four easily di¡erentiated ¢ngerprint patterns were identi¢ed: unique patterns produced by strains MS13, MS34 and MS51 and a pattern shared by AM5, CM4-27, MS5, MS9, MS23, MS24 and MS58. In a like manner, similar but distinguishable ¢ngerprint patterns were produced by MS3 and MS11, two L. lactis subsp. lactis isolates with identical ldh sequences (Fig. 1) .
Within groups of strains with identical ldh sequen-ces, patterns of ¢ngerprint di¡erentiation generally parallel patterns of phenotypic variation. Thus, ldhand ¢ngerprint-identical strains AM5, CM4-27, MS5, MS9 and MS23 are also identical in their carbon substrate utilization pro¢les (although strain CM4-27 di¡ers in its ability to grow at 40³C and pH 9.2). Within this same ldh identity group, strains MS34 and MS51 are distinguished both by their ¢n-gerprints and by their carbon substrate utilization pro¢les. Similarly, the ldh-identical pair MS3 and MS11 share identical carbon substrate pro¢les, but di¡er slightly in their ¢ngerprint patterns and growth capabilities (MS11 is negative for growth at 40³C, in 4% NaCl and at pH 9.2 and for milk coagulation at 15^18 h, while MS3 exhibits an intermediate phenotype for these traits) (Fig. 1 , ldh and carbon substrate utilization data from [2] ). L. lactis subsp. lactis and cremoris are evolutionarily distinct, yet strain MS3 (subsp. lactis) shares a ¢ngerprint pattern with strains AM5, CM4-27, MS5, MS9, MS23, MS24, MS58 and BO32 (subsp. cremoris). MS3 di¡ers from these strains in 16S rRNA, ldh sequence and growth characteristics, but shares a carbon substrate utilization pro¢le with some members of this group [2] . The LL-Rep1 ¢n- gerprint similarity among these strains may re£ect an ancestral DNA con¢guration retained by lineages in each subspecies. Alternatively, it could result from transfer of genetic material between members of subsp. lactis and subsp. cremoris.
Reproducibility
Duplicate ¢ngerprint reactions for each of three independent DNA preparations for strain MS3 produced indistinguishable electrophoretic patterns (Fig.  2) . This demonstrates that the protocol is insensitive to minor variations in the quality of DNA preparations.
Comparison of ¢ngerprint patterns for plasmid-containing and -cured strains
Fingerprints for two sets of plasmid-containing strains and for their plasmid-cured derivatives demonstrate that most LL-Rep1 PCR bands were ampli¢ed from chromosomal, not plasmid sequences (Fig.  3) . The ¢ngerprint for plasmid-free strain MG1363 resembles that of its six-plasmid parent strain C2. The MG1363 pattern lacks two bands present in the C2 pattern, and contains additional bands not evident in the ¢ngerprint of its parent. Similar but distinguishable ¢ngerprints were also obtained for strain NCK690 and its parent strain NCK344, which contain one and several plasmids, respectively (plasmid data from T. Klaenhammer, personal communication).
Conclusions
LL-Rep1 ¢ngerprinting is a reproducible and useful method for identifying and di¡erentiating strains of L. lactis. It can detect genetic di¡erences among closely related strains, including some that are identical in both ldh sequence and carbon substrate utilization phenotypes. These observations suggest that LL-Rep1 is targeting an unusually variable feature of the genome. The technique depends mostly upon genetic variation in the bacterial chromosome, and is not highly sensitive to changes in labile plasmid populations.
The LL-Rep1 ¢ngerprinting technique will be a valuable tool for tracking the distribution of proprietary strains among cheese manufacturing establishments. The protocol may also prove useful for distinguishing strains of other low G+C Gram-positive bacteria.
